ABSTRACT: Soil acidification processes are the main factor influencing the distribution of different Al forms in forest soils. The intensity of these processes is given by different stand conditions and anthropic activity. This paper describes the influence of four selected stand factors on the distribution of basic soil characteristics and two Al forms in forest soils of the Jizerské hory Mts. Altitude, liming, soil type and forest cover type are studied as selected factors. Distribution of most soil characteristics in the organic horizon, including organically bound Al, is influenced by the altitude. Distribution of mobile Al form is mainly influenced by liming. In the mineral horizon, no decisive factor affecting the distribution of variables was found. Cartograms of spatial distribution of pH, mobile Al form and total Ca content documenting their spatial relationships are shown.
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About 1,000 km 2 of spruce stands died during the last three decades in the Czech Republic. Deforestation is ascribed to direct effects of SO 2 on spruce canopy, to cultivation of spruce in a clear-cutting system, and also to soil acidification including an increase in mobile Al concentration in soils (PIERZYN-SKI et al. 2000) . The Jizerské hory Mts. are one of the most affected areas in the Czech Republic. High concentrations of acidificants in the atmosphere have led to damage of forest and soils. At present, concentrations of acidificants in the atmosphere are below immission limits. However, forests are still threatened by long-term changes in soil conditions (HRUŠKA, CIENCIALA 2001) .
The aluminium concentration in soil solution depends mainly on soil pH as it has been observed and proved by many researches. However, the influence of soil pH on Al behaviour is strongly modified by the presence of complexing fractions of soil organic matter (BERGGREN, MULDER 1995; WESSELINK et al. 1996 ; VAN HEES et al. 2000; LOFTS et al. 2001) . The complexation of Al by natural organic substances is of considerable significance in regulating concentrations of the highly toxic Al 3+ ion in acid soils and natural waters (SPOSITO 1996) .
Forest litter is the main source of organic matter in forest soils. Different forest types, that means different mixtures of tree species or their monoculture, produce organic matter of variable composition. These variants implicate differences in pedogenetic processes. The rate and quality of mineralization and humification are determined by the litter type. Final products of these processes influence aluminium distribution in the soil profile due to different hydrophobicity, mobility and affinity to Al (HRUŠKA, CIENCIALA 2001; MISSON et al. 2001) .
The form of Al plays a decisive role in its potential bioavailability and toxicity. Toxicity to plants qualitatively decreases in the order: Al 13 (not in the form of phosphates or silicates), Al 3+ , Al(OH) 2+ , Al(OH) 2 + . Aluminium bound in fluoride or organic complexes and Al(OH) 3 are supposed to be nontoxic (SPOSITO 1996; BOUDOT et al. 1994 ).
This study is focused on differences in the distribution of potentially dangerous organic and inorganic Al forms and other indicators of soil acidification between beech forest and spruce forest in the Jizerské hory Mts. area. Beech forest is natural in this area except the summit parts and spruce monocultures are a product of anthropic activity there. This substitution of natural forest is supposed to lead to an increase in acidification processes and to mobilization of toxic Al forms. The effects of other factors are also assessed. The results of the study of these problems should be used for new forest management below the boundary of natural occurrence of spruce.
MATERIAL AND METHODS
The Jizerské hory Mts. area is located in the north of Bohemia. A set of 98 sampling sites was studied. Altitudes of these sites ranged from 400 m to 1,000 m above sea level. Beech (Fagus sylvatica), spruce (Picea abies or Picea pungens) and mixed forests are the prevailing vegetation cover. The highest parts of the mountains are covered by reed bentgrass (Calamagrostis villosa) to a large extent because of damage to spruce forest, but new young trees, mainly spruces, have been planted there recently. Soils were identified as Podzols, Cambisols, Gleysols, and Leptosols, all on the granite bedrock. Soil samples from all sufficiently thick horizons were collected in these localities. In all cases, one sample was taken from the surface organic O (F + H) horizon and at least one sample from the mineral horizon, usually spodic or cambic B horizon. Samples were air dried and passed through 2-mm sieves. Basic soil characteristics were determined by commonly used methods: pH H 2 O and pH KCl potentiometrically; humus quality was assessed by the ratio of absorbances of pyrophosphate soil extract at the wavelengths of 400 and 600 nm (A 400 /A 600 ). Total contents of C and N were measured with an automated analyzer LECO CNS-2000 (MI USA) and C/N ratio was calculated. Effective cation exchange capacity (CEC) of mineral horizons was determined by Mehlich method with unbuffered 0.1M BaCl 2 extraction solution. This analysis provided also the concentrations of exchangeable Al form (Al exch ). Total content of Ca (Ca tot ) was measured after soil digestion with aqua regia. Contents of two different Al forms were determined according to DRÁBEK et al. (2003) : mobile Al forms were extracted with 0.5M KCl solution (Al KCl ), the assessment of "total organically bound" Al forms (Al org ) was based on Al amounts extracted with 0.05M Na 4 P 2 O 7 solution, Al KCl amount as the inorganic form was deducted. Aluminium concentrations in both extracts were determined by means of ICP-OES (VARIAN Vista Pro, VARIAN, Australia). Statgraphics Plus for Windows 4.0 (MANUGISTICS 1997) was used to perform multifactor ANOVA. Table 1 shows mean values of the studied soil properties. Most variables had normal distribution. Logarithmic transformation was used for normalization of Al KCl in the B horizon.
RESULTS AND DISCUSSION
Four factors that influence the distribution of soil characteristics were selected. The first one was the effect of liming. Sampling sites were divided into four classes according to Ca tot content in the O horizon. Most sampling sites (68) were included in the first class with Ca tot content below 500 mg/kg. 16 sites belonged to the second class (500-1,000 mg/kg), 9 sites to the third class (1,000-1,500 mg/kg), and 2 sites to the fourth class (1,500-2,000 mg/kg). Content of Ca tot is influenced almost entirely by the intensity of liming. Another selected factor was the effect of altitude. Three altitude classes were suggested: class below 800 m above the sea level (41 sites), 800-900 m (27 sites), and more than 900 m (30 sites). Type of forest cover was the third factor. Sampling sites were covered by spruce forest (74 sites), mixed forest (6 sites) and beech forest (18 sites). The last factor was the effect of soil classification unit. Cambisols were identified at 34 sites, Podzols at 50 sites, Leptosols at 12 sites and Gleysols at 2 sites. Multifactor ANOVA was used to determine which factor had the main effect on the distribution of soil characteristics. Tables 2 and 3 show p-values of the significance of differences between the classes computed for variables separately in O horizon and B horizon.
The results of the O horizon show that altitude has the strongest influence on the distribution of most variables. Soil conditions are more favourable at higher altitudes. Both types of pH increase with the increasing altitude. Both soil humus quality indicators (A 400 /A 600 and C/N) show the worst quality at the altitudes below 800 m. Whereas Al KCl content is similar at all altitudes, content of Al org is higher at altitudes above 900 m. Content of potentially toxic Al form (Al KCl ) is influenced mainly by liming. Increasing Ca tot content leads to decreasing concentrations of Al KCl . Forest cover influences significantly only soil pH. The pH values in beech forest are higher than those in spruce forest. It confirms findings published in HRUŠKA and CIENCIALA (2001) . Distribution of Al KCl is not influenced by forest cover. However, a difference was found in the case of Al org between beech forest and spruce forest. Al org content is higher in the beech forest.
In the B horizon, no decisive factor affecting the distribution of variables was found. The main effect is ascribed to soil in the case of Al KCl , Al exch , C/N and CEC. Since Gleysols are present only at two sam- 
